ABSTRACT A genetic linkage map of the channel catfish genome (N ¼ 29) was constructed using EST-based microsatellite and single nucleotide polymorphism (SNP) markers in an interspecific reference family. A total of 413 microsatellites and 125 SNP markers were polymorphic in the reference family. Linkage analysis using JoinMap 4.0 allowed mapping of 331 markers (259 microsatellites and 72 SNPs) to 29 linkage groups. Each linkage group contained 3-18 markers. The largest linkage group contained 18 markers and spanned 131.2 cM, while the smallest linkage group contained 14 markers and spanned only 7.9 cM. The linkage map covered a genetic distance of 1811 cM with an average marker interval of 6.0 cM. Sex-specific maps were also constructed; the recombination rate for females was 1.6 times higher than that for males. Putative conserved syntenies between catfish and zebrafish, medaka, and Tetraodon were established, but the overall levels of genome rearrangements were high among the teleost genomes. This study represents a first-generation linkage map constructed by using EST-derived microsatellites and SNPs, laying a framework for large-scale comparative genome analysis in catfish. The conserved syntenies identified here between the catfish and the three model fish species should facilitate structural genome analysis and evolutionary studies, but more importantly should facilitate functional inference of catfish genes. Given that determination of gene functions is difficult in nonmodel species such as catfish, functional genome analysis will have to rely heavily on the establishment of orthologies from model species.
L
INKAGE maps are powerful research tools for mapping quantitative trait loci (QTL) to complement marker-assisted selection in many species, including aquaculture species (Lander and Botstein 1989; Sakamoto et al. 2000; Fishman et al. 2001; Nichols et al. 2003; Hubert and Hedgecock 2004; Moen et al. 2004 Moen et al. , 2008 Chistiakov et al. 2005; Lee et al. 2005; Gharbi et al. 2006; Liu et al. 2006; Sekino et al. 2006; Phillips et al. 2007; Sekino and Hara 2007 ; for a recent review, see Danzmann and Gharbi 2007) . However, marker density for all aquacultured species is still low. Aquaculture genome research can greatly benefit from genome studies of model species through comparative genome analysis, transferring genome information from fully sequenced and functionally well-characterized model species to aquacultured species (Sarropoulou et al. 2008) .
Comparative genome analysis can be facilitated if a draft genome sequence is available for the species of interest. This area is rapidly expanding because wholegenome sequences are becoming available from many species, including five teleost species: zebrafish (Danio rerio), fugu (Fugu rubripes), Tetraodon (Tetraodon nigroviridis), medaka (Oryzias latipes), and three-spined stickleback (Gasterosteus aculeatus). To date, no whole-genome sequence exists for any aquaculture species. Major progress, however, has been made in the generation of other genome resources for some economically important aquaculture species such as tilapia (Katagiri et al. 2005; Lee et al. 2005; Ferreira and Martins 2008) , rainbow trout (Rexroad and Palti 2003; Guyomard et al. 2006 Guyomard et al. , 2007 , Atlantic salmon (Moen et al. 2004 (Moen et al. , 2008 , gilthead seabream (Sparus aurata) Senger et al. 2006; Sarropoulou et al. 2008) , and the European sea bass (Dicentrarchus labrax) (Chistiakov et al. 2005; Whitaker et al. 2006) .
Channel catfish (Ictalurus punctatus) is the most economically important catfish species in the United States. It is anticipated that it will become one of the most important aquaculture fish species in Asia as well. Blue catfish (I. furcatus) is also economically important 1 because the hybrid between channel catfish and blue catfish exhibits superior performance for several commercial traits (Dunham et al. 1987 (Dunham et al. , 1990 (Dunham et al. , 1993 Dunham and Argue 1998; He et al. 2003) . Since these interspecific hybrids are fertile, it is possible to generate synthetic breeds using introgression strategies (Liu 2003; Liu et al. 2003) .
Major progress has been made in catfish genome research, particularly in the area of genome resource development, including a large number of polymorphic markers (Serapion et al. 2004a,b; Xu et al. 2006; Somridhivej et al. 2008) , construction of genetic linkage maps (Waldbieser et al. 2001; Liu et al. 2003) , construction and characterization of BAC libraries (e.g., Wang et al. 2007) , construction of BAC contig-based physical maps (e.g., Xu et al. 2007) , generation of 63,000 BAC end sequences (Xu et al. 2006; Z. Liu, unpublished data) , understanding of the genomic architecture (Liu et al. 1998; Liu 2007; Nandi et al. 2007) , and a large number of ESTs ( Ju et al. 2000; Cao et al. 2001; Karsi et al. 2002; Kocabas et al. 2002; Li et al. 2007 ). However, these genome resources are as yet nonintegrated and thus underutilized due to the lack of a platform for comparative genome analysis. A gene-based linkage map would provide a start for such a platform. In addition to these traditional genome resources, the use of single nucleotide polymorphism (SNP) markers is gaining significant momentum in aquacultured species (Hayes et al. 2007; Moen et al. 2008; Wang et al. 2008) .
A major utility of gene-based linkage maps is comparative genomics, which is used to assist in the understanding of genome evolution (Meyers et al. 2005; Woods et al. 2005; Mousel et al. 2006; Sasazaki et al. 2006; Sawera et al. 2006) . Because gene-associated markers are conserved through a wide evolutionary spectrum of species, they have become the most desirable type of marker for comparative mapping (Martin et al. 2005; Moretzsohn et al. 2005; Smith et al. 2005; Snelling et al. 2005; Casasoli et al. 2006; Kim et al. 2006; Sasazaki et al. 2006; Sawera et al. 2006) . We have previously reported the identification of a large number of ESTassociated microsatellites and SNPs (He et al. 2003; Serapion et al. 2004a; Wang et al. 2008) . Here we present a gene-based linkage map of the catfish genome constructed with EST-associated microsatellites and SNPs. We report map locations for a total of 331 gene-based markers including 259 microsatellites and 72 SNPs. The linkage map is composed of 29 linkage groups (LGs). Significant differences in recombination frequencies between males and females were noted. Conserved syntenies were identified between the catfish and three model fish species: zebrafish, Tetraodon, and medaka.
MATERIALS AND METHODS
Catfish resource families: F 1 interspecific hybrid catfish were made by mating channel catfish females with blue catfish males. These F 1 catfish and their parents were screened prior to the 1997 spawning season to determine which matings were most informative. Backcross families were made in the spawning season of 1997 by mating the F 1 fish with channel catfish (channel catfish backcross). A specific family, F 1 -2 3 channel catfish-6, was used for this project. The resource family was reared in 1000-liter tanks until collection of blood samples for genotyping. Individuals that were sampled for genotyping were heat-branded for future identification.
Genomic DNA: Blood samples (0.5-1 ml) were collected in a 1-ml syringe and immediately expelled into a 50-ml tube containing 20 ml of DNA extraction buffer (100 mm NaCl, 10 mm Tris, pH 8, 25 mm EDTA, 0.5% SDS, and 0.1 mg/ml freshly made proteinase K), and DNA was isolated as previously described using standard protocols (Liu et al. 1998) . Briefly, the blood samples were incubated at 55°overnight and DNA was extracted twice with phenol and once with chloroform. DNA was precipitated by adding a half volume of 7.5 m ammonium acetate and 2 vol of ethanol. DNA was collected mostly by spooling onto a micropipette tip, or in some cases by brief centrifugation, and washed twice with 70% ethanol, air-dried, resuspended in TE buffer (Tris-HCl, 10 mm, EDTA, 1 mm, pH 7.5), and quantified with a spectrophotometer.
Identification of microsatellites, primers, and PCR amplification: EST-based microsatellites were previously published (Serapion et al. 2004b) . FastPCR (Kalendar 2008) was used for the design of PCR primers. A tailed primer protocol (Oetting et al. 1995; Boutin-Ganache et al. 2001 ) was used to amplify microsatellite alleles. The following conditions were used to amplify the microsatellites: 13 PCR buffer, 1.5 mm MgCl 2 , 0.2 mm each of dNTPs, 4 ng upper PCR primer, 6 ng lower PCR primer, 20 fmol labeled primer, 0.25 units of JumpStart Taq polymerase (Sigma, St. Louis), and 20 ng genomic DNA, in a total reaction volume of 5 ml. A touchdown PCR was performed with the following thermo profile: after an initial denaturation at 94°for 3 min, PCR amplification was carried out at 94°for 30 sec, 57°for 30 sec, and 72°for 30 sec for 20 cycles as the first step and at 94°for 30 sec, 53°for 30 sec, and 72°for 30 sec for 15 cycles as the second step. A final extension at 72°for 10 min was included. The PCR products were analyzed on 7% polyacrylamide sequencing gels using LI-COR automated DNA sequencers.
SNP markers: A total of 384 EST-derived SNP markers were genotyped as described in Wang et al. (2008) using the F 1 -2 3 channel catfish-6 hybrid catfish.
Genotyping: For microsatellites, after running through the LI-COR automated sequencers, genotypes were called by recording the amplified fragment sizes (in base pairs) in a Microsoft Excel spreadsheet. The fragment sizes were determined by using labeled size markers (LI-COR). Loci that did not show any polymorphism were recorded as nonpolymorphic. The complex loci and parental type microsatellites were also recorded. A chi-square goodness-of-fit test was used to assess the departures from the expected Mendelian segregation patterns. Genotype configurations of markers were categorized into three expected segregation types when nullallele segregation was allowed: 1:1:1:1-ratio type ($ 3 #: AB 3 CD or AB 3 AC), 1:1 $ type (AB 3 AA or CC), and 1:1 # type (AA or CC 3 AB). All statistical analyses described below were completed using JoinMap 4.0 (Kyazma B.V., Wageningen, The Netherlands) with the cross-pollinating coding scheme, which handles the data containing various genotype configurations with unknown linkage phases (Sekino et al. 2006) . Segregation data from expected 1:1:1:1-type markers into 1:1 $-and 1:1 #-type markers were partitioned by creating maternal and paternal data sets using JoinMap 4.0 to perform linkage analysis for each sex ( Jacobs et al. 1995; Viruel et al. 1995) . This option in JoinMap 4.0 creates maternal and paternal genotypes by converting genotypes from 1:1:1:1-ratio type ($ 3 #: AB 3 CD or AB 3 AC) to 1:1 $ type (AB 3 AA or CC) and to 1:1 # type (AA or CC 3 AB).
Linkage analysis: Linkage between markers, recombination rate (Q), and map distances was calculated using the Kosambi mapping function. Significance was tested by JoinMap, which tests for independence of segregation using LOD scores. LOD scores were generated using the G 2 statistic, which was multiplied by 0.5 3 log 10 e to convert into a normalized LOD scale. Significance was determined at a LOD threshold of 3.0, and a threshold Q of 0.6 was set to detect suspect linkage possibly resulting from allele-coding errors. Six individuals were omitted from the analyses because they were missing too many genotypes.
Markers were linearly aligned in each linkage group, converting the recombination rates into the Kosambi's map distance (in centimorgans). The position of markers was developed using a sequential map buildup (Stam 1993) . With this method, the most informative pair of markers was selected, followed by sequential addition of other markers. The ''ripple'' was performed after adding each marker. The best fitting position of an added marker was examined on the basis of the goodnessof-fit test (chi-square) for the resulting map, which is the normalized difference in chi-square value before and after adding the marker. Mean chi-square contribution values were used to determine if genotyping errors were suspected. Suspect loci were manually regenotyped. When a marker generated a negative map distance, or a large jump in goodness-of-fit, the marker was removed, and map construction was continued as a first-round map. After the first-round marker ordering, the previously removed markers were added back and again subjected to the goodness-of-fit testing. In this manner, the marker ordering was continued to a third round until an optimum order of markers was found.
Genome size and coverage: Genome length from the linkage map was calculated according to Hubert and Hedgecock (2004) . Telomeric regions were added to the map distance by adding 2x to the length of each linkage group (Fishman et al. 2001) , where x is the average spacing between markers, which was calculated by dividing the total length of all linkage groups by the number of markers minus the number of linkage groups (29).
Comparative genome analysis: The ESTs containing the microsatellites or SNPs used for linkage mapping were used as queries for BLAST searches to locate their genomic location in zebrafish, Tetraodon, and medaka genome sequences (E-value , e À10 ). The chromosomal locations and linkage groups of the microsatellites and SNPs were recorded. Putative conserved syntenies were identified when the genes were located in the same chromosome and the same linkage group. The distances among genes on the same chromosome of zebrafish, Tetraodon, and medaka are given in base pairs, whereas the distances among markers on the linkage groups of catfish are given in centimorgans.
RESULTS AND DISCUSSION
EST-derived microsatellite markers: As summarized in Table 1 , a total of 992 EST-derived microsatellites were used for PCR analysis. Nine of these loci were later found to represent duplicate ESTs of the same genes and therefore were removed; of the 983 remaining microsatellite loci, 450 were unsuccessful in PCR. A total of 533 ESTderived microsatellites were successful in PCR amplifications. Of these 533 successful amplifications, 120 were not polymorphic. One hundred three of the remaining 413 microsatellites could not be scored, mostly due to duplicated gene loci and non-Mendelian segregation patterns, leaving a total of 310 microsatellite markers for linkage mapping analysis. The overall success rate from the identification of the EST-derived microsatellites to successful genotyping was 31.3%. This low success rate was attributed to several major factors related to the nature of the microsatellites. A large fraction (45.4%) of EST-derived microsatellites failed in PCR amplification. The major reason for failures at this step was most likely caused by the involvement of introns. In spite of the efforts to limit the PCR product size to ,300 bp for genotyping using automated sequencers, the unknown involvement of introns could have made the PCR amplification impossible or the size of amplicons was too large to be analyzed on the automated sequencers. Approximately 12% of the microsatellites were nonpolymorphic in the resource family. In addition, amplification of duplicated gene loci made it impossible to call the genotypes in almost 10% of the EST-derived microsatellites. Overall, EST-derived microsatellites had a much lower success rate as compared to microsatellites identified from genomic survey sequences, e.g., BAC end sequences (Xu et al. 2006; Somridhivej et al. 2008 ). The advantage of representing genes by microsatellites is severely limited by this low success rate. However, such problems can be alleviated using full-length cDNAs or draft genome sequences for accurate predictions of intron locations. As discussed by Massault et al. (2008) , such gene-based maps should not only facilitate QTL analysis in aquaculture, but also set the foundation for orthology establishment, thus enabling functional inference of genes in aquaculture species where direct functional genomics work is difficult.
EST-derived SNP markers: Wang et al. (2008) described the factors that are significant for validation of EST-derived SNPs. One hundred eighteen of 384 SNP markers failed, and 125 were polymorphic in the mapping family. Twenty-seven of these polymorphic SNP markers were not included in the mapping analysis because they contained a P-P-C error value (parent-parent-children genotyping error) .5, resulting in a total of 98 SNPs for the linkage mapping. These markers were subjected to BLAST searches against the zebrafish, medaka, and Tetraodon nigrovirides cDNA databases in ENSEMBL with genome location information. A total of 72 SNPs of 98 SNP markers with significant hits were associated with linkage groups at a minimum LOD score of 3.0 while 26 of them remained unassigned. Segregation of markers and linkage analysis: One hundred sixteen (28%) of the 408 markers exhibited a segregation ratio of 1:1:1:1, serving as the most useful markers segregating in codominant fashion. Two hundred ninety-two (72%) of the 408 markers were segregating with a ratio of 1:1 $ type (AB 3 AA or CC) and 1:1 # type (AA or CC 3 AB). Eighteen markers showing a significant level of distorted segregation were excluded from initial map construction, but 9 of them were later added back manually to the linkage groups using the ''strongest cross-link'' feature of the software. The remaining 9 markers could not be assigned to any linkage groups at the threshold LOD score. Two hundred seventysix markers were organized in linkage groups at an initial LOD score of 15.0. Using the ''strongest cross-link'' feature in JoinMap 4.0, initially ungrouped and excluded markers were assigned to groups to which they have linkage with a minimum LOD score of 3.0. Similarly, markers in smaller groups were also assigned to the groups that have the strongest linkage with a minimum LOD score of 3.0. No suspect linkages were detected. As the DNA for grandparents was not available, the linkage phase of the mapping family was unknown. Therefore, we first obtained the genotypes of the polymorphic microsatellite markers of the female and the male separately to construct sex-specific linkage maps. The software made the best estimate of the linkage phases. A total of 331 EST-derived microsatellites and SNPs were mapped on the combined map.
The genetic linkage map: A linkage map for channel catfish was constructed with 331 markers composed of 259 type I microsatellites and 72 type I SNP markers. The linkage map contains 29 linkage groups (Figure 1 ) with 3-18 markers/linkage group; the number of linkage groups is consistent with expectations from the 29 haploid chromosomes of catfish. The largest linkage group contained 15 loci and spanned almost 131.2 cM, while the smallest linkage group contained 14 loci and spanned 7.9 cM. The linkage map covers a genetic distance of 1811 cM with an average of one marker every 6.0 cM. An additional 348.0 cM for the telomeric regions increased the estimated genome size to 2159.0 cM.
Two linkage maps were previously published: One linkage map was constructed using AFLP markers , and the other was constructed using microsatellite markers (Waldbieser et al. 2001) . While the current EST-based map is not comparable with an AFLPbased map because of the dominant nature of AFLPs, the current map had similar genome coverage to the previously published microsatellite map. The number of mapped markers was similar and the mapped genome size was similar as well, suggesting similar recombination frequencies within the intraspecific and interspecific mapping populations. However, a direct comparison of the two mapping populations should be conducted using a common set of microsatellite markers. Of the 408 polymorphic markers, 358 were segregating female markers and 150 were segregating male markers. Linkage mapping analysis using JoinMap allowed the mapping of 315 female segregating markers into 29 linkage groups, while 43 markers were ungrouped. Similarly, of the 150 segregating male markers, 123 were mapped into 27 groups (5 of them were 2-point linkage groups), while 27 were ungrouped. Clearly, in the case of the male map, the markers were not sufficient to cover all the chromosomes (N ¼ 29). The male and female linkage groups with shared markers are shown in supplemental Figure 1 . The female map spanned 2009.8 cM with an average marker spacing of 6.15 cM. The male map spanned 761.0 cM with an average marker spacing of 4.95 cM. Clearly, the number of polymorphic markers was much larger in the female than in the male parent; this was at least in part due to the greater levels of polymorphism between channel catfish and blue catfish than within channel catfish. The female parent used for the resource family production was an F 1 hybrid catfish made from mating a channel catfish female with a blue catfish male, whereas the male parent was a channel catfish.
Differences in recombination between sexes: The sexes show substantial differences in recombination rate, both in general and for specific pairs of linked markers. In general, there is less recombination and genetic distance in the male linkage map (supplemental Figure  1) . When common informative markers were selected (90 loci; 18 linkage groups), a higher recombination rate was observed in the female map (supplemental Figure 1 , Table 3 ). Summing up the map distances for common markers for each LG resulted in a total length of 1891.2 and 3403.2 cM in the male and female maps, respectively. Thus, the ratio of female:male recombination rates for shared markers was 1.6:1. In 5 of the 22 linkage groups, recombination frequency was larger in the male than in the female, and the ratio of male-to-female recombination frequency in these 22 linkage groups varied greatly from 0.3 to 4.7. In contrast, in 17 of the 22 linkage groups, the recombination frequency was greater in the female than in the male with a female-to-male recombination frequency ratio of 0.2 to 3.4 (Table 2) .
A differential recombination rate was reported for a number of species. In several teleost species, recombination appears to be reduced in males. For example, the female:male recombination ratios are 8.26:1 in the Atlantic salmon ( Johnson et al. 1987; Moen et al. 2004 Moen et al. , 2008 , 3.25:1 in rainbow trout (Sakamoto et al. 2000) , and 1.48:1 in the European sea bass (Chistiakov et al. 2005) . Our finding here of a recombination rate of 1.6 (female) to 1 (male) is in line with the general pattern found in other teleost fish. However, because the recombination rates are related to specific markers corresponding to specific chromosome regions, species, and specific matings, they are expected to be variable when additional markers are analyzed in catfish. 
Identification of potentially conserved syntenies:
The use of EST-derived microsatellites and gene-derived SNP markers in this work provided opportunities to compare the similarities of the genome organization in catfish with those of its closely related species such as zebrafish where whole-genome sequences are available. To identify potential conserved syntenies between the catfish and the model fish genomes, EST sequences containing the mapped microsatellites and SNPs were used as queries for BLAST analysis against the zebrafish, medaka, and Tetraodon cDNA databases in ENSEMBL with genome location information. Of the 331 loci mapped, 131 had significant hits when searched against the zebrafish cDNA database, 139 had significant hits against the medaka cDNA database, and 130 had significant hits against the Tetraodon cDNA database. As summarized in Table 3 , a total of 29 conserved syntenic blocks were identified between the linked catfish EST-derived microsatellites and SNPs and the physically linked zebrafish genes. Eight of these syntenic blocks contained four or more markers mapped to linkage groups 8, 9, 10, 11, 25, 27, and 29. The largest syntenic block contained eight markers mapped to LG10. In three syntenic blocks, a linear syntenic relation was evident with distances between the mapped markers being proportional to the distances of the genes on the zebrafish chromosomes. For example, the three loci AUEST0074, AUSNP000270, and AUSNP000093 were mapped to LG12 spanning $100 cM, while the genes homologous to these ESTs span almost 50 million base pairs in the zebrafish genome in a linear fashion. Similarly, the three loci AUSNP000042, AUEST0070, and AUSNP000151 were mapped to LG25 spanning $20 cM, while the genes homologous to these ESTs span almost 22 million base pairs in the zebrafish genome in a linear fashion. However, for most of the identified syntenic blocks, the gene/marker order and orientation may not be the same (Table 3 ). The conservation of marker/ gene positions was the highest between catfish and zebrafish, consistent with their phylogenetic relationships (Xu et al. 2006; Steinke et al. 2006) . The overall annotation rate of the 331 mapped ESTs was lower than that of the average ESTs (.50%; Li et al. 2007) , largely because of the location of microsatellites being associated mostly with 59-or 39-UTRs.
A total of 21 conserved syntenic blocks was identified between the linked catfish EST-derived microsatellites and SNPs and the physically linked Tetraodon genes (supplemental Table 1 ). The largest syntenic block contained five markers mapped to linkage group 9. Only one syntenic block with three markers (AUEST0767 AUSNP000048, AUSNP000024) located on LG28 had a linear syntenic relationship with chromosome 11 of Tetraodon. In the case of medaka, 29 conserved syntenic blocks were identified (supplemental Table 2 ). Five of these syntenic blocks contained four or more markers mapped to linkage groups 9, 10, 11, 27, and 29.
The evolutionary syntenic conservation appeared to be relatively low between the catfish genome and the genomes of the three model fish species. In spite of the identified conserved syntenic blocks, the extent to which the syntenies were conserved was limited in most cases. For example, the five markers on chromosome 1 of the zebrafish mapped to two linkage groups in catfish; the 6 genes on chromosome 2 of the zebrafish mapped to five different linkage groups with only a couple of markers linked together in catfish; and the 8 genes on chromosome 3 of the zebrafish mapped to five linkage groups (Table 3) . This indicates that, among the fish genomes, much chromosome breakage and many rearrangements occurred during evolution. However, in a few instances, the syntenic conservation was extensive. For example, of the 10 genes on zebrafish chromosome 5, 8 were mapped to linkage group 10, and the other 2 were mapped to linkage group 16; of the 7 genes on zebrafish chromosome 11, 5 were mapped to linkage group 27, and the other 2 were mapped to linkage group 15 (Table 3) . These findings are consistent with our previous findings that high levels of conservation were found within small genomic regions, whereas high levels of large-scale genome reshuffling were evident when comparing the genomes of catfish and zebrafish ). These results indicate that comparative genome analysis is highly efficient when dealing with small genome segments for which conserved syntenies have been identified. Therefore, many smaller conserved syntenies in catfish may need to be used when comparing zebrafish or other model fish species for which whole-genome sequences are available. Such findings also strongly support the need to produce the whole-genome sequence of catfish for the purpose of genome evolution studies. Catfish is an economically important member of a large order of Siluriformes from which no wholegenome sequence is available. This study represents a first-generation linkage map constructed by using EST-derived microsatellites and SNPs, laying the ground for large-scale comparative genome analysis in catfish. We previously reported a large number of BAC end sequences (XU et al., 2006) and their associated microsatellites (Somridhivej et al. 2008) . Further expansion of this linkage map using physicalmap-anchored polymorphic markers should enhance comparative mapping, thereby transferring genome information from model species to catfish. In spite of the apparent high levels of chromosome rearrangements between the catfish and zebrafish genomes, comparative mapping is still of great value, not only for the understanding of genome organization and genome evolution, but also for the understanding of genome functions. Given that determination of gene functions is very difficult in nonmodel species such as catfish, functional genome analysis will have to rely heavily on the establishment of orthologies from model species, such as zebrafish, to infer functions. Such comparative genomics information will be valuable in narrowing down suggestive candidate genes around significant QTL, which are expected to be easily found by use of such a dense linkage map.
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